Background. The presence or absence of baseline diagnostic Q waves has been believed to compromise the accuracy of standard exercise electrocardiography in identifying severe coronary artery disease (three-vessel and/or left main disease); therefore, a retrospective analysis was performed using a personal computer data base of exercise test responses and cardiac catheterization results to evaluate this premise, and follow-up was performed to observe how Q waves and/or severe coronary disease impacted on survival.
Post-Myocardial Infarction Exercise Testing
Background. The presence or absence of baseline diagnostic Q waves has been believed to compromise the accuracy of standard exercise electrocardiography in identifying severe coronary artery disease (three-vessel and/or left main disease); therefore, a retrospective analysis was performed using a personal computer data base of exercise test responses and cardiac catheterization results to evaluate this premise, and follow-up was performed to observe how Q waves and/or severe coronary disease impacted on survival.
Methods and Results. Two hundred fifty-three male patients who had survived a myocardial infarction were studied. Patients on digitalis, those with left bundle branch block or left ventricular hypertrophy on their baseline electrocardiogram, those with previous revascularization procedures, and those with significant valvular or congenital heart disease were excluded. All patients performed either a low-level predischarge or a sign/symptom limited exercise test and underwent diagnostic coronary angiography within 32 days of each test (range, 0-90 days). Long-term follow-up on patients was performed for an average of 45 months (±17 months). Group NQMI comprised 103 post-myocardial infarction patients lacking Q waves at the time of exercise testing and group QMI comprised 150 patients who developed Q waves with their myocardial infarction. The cut points of .1 mm (XV=14.39, p<0.001) and .2 mm (V2=26.11, p<0.001) of exerciseinduced ST segment depression were reliable markers of severe coronary disease in Q wave infarct survivors. This was also true for non-Q wave infarct survivors as .1 mm (X'=6.02, p=0.01) and >2 mm (x2=4.37, p=0.04) of ST segment depression were reliable markers of severe coronary disease. Receiver operating characteristic curve analysis revealed that exercise-induced ST segment depression had discriminating power for the identification of severe coronary artery disease in both the Q wave myocardial infarction patients (area=0.735, z=4.47, p<0.001) and the non-Q wave infarct patients (area=0.700, z=3.20, p<0.001). After 4.4 years of cumulative follow-up, patients with severe coronary disease had an infarct-free survival rate of 72% (95% CI, 50.0-86.0O), whereas those without severe disease had an 86% (95% CI, 76.5-91.5%) infarct-free survival rate (Cox X2=4.00, p =0.045). Non-Q wave patients had an infarct-free survival rate of 81% (95% CI, 66.0-89.5%), whereas those with Q waves had an infarct-free survival rate of 85% (95% CI, 73.9-91.3%) (Coxy2=0.0005, p=NS). If patients performed both predischarge and postdischarge exercise tests, only the postdischarge test was considered because a greater stress was imposed. Most of the patients who performed only a low-level predischarge exercise test had a revascularization procedure, died, or did not return for a postdischarge test. Most of the patients who performed only a sign/symptom-limited postdischarge exercise test had a history of remote myocardial infarction or were hospitalized at another hospital for their acute myocardial infarction and were followed afterward at the Long Beach Veterans Affairs Medical Center.
Conclusions
The exercise electrocardiogram was considered abnormal if the patient developed .1 mm of horizontal or downsloping ST segment depression measured at the J-point using the PQ segment for the baseline even in patients with early repolarization. An additional 1 mm ST segment depression was required in patients with baseline ST segment depression. The occurrence of typical angina pectoris during the test was determined by a cardiologist or a cardiology fellow who supervised the test.
Coronary Angiography
A significant coronary artery stenosis was defined as >75% narrowing of the diameter of one of the major epicardial coronary arteries or its branches or .50% narrowing of the left main coronary artery, measured visually in at least two angiographic projections. Left ventricular volumes and ejection fractions were computed from the single-plane contrast ventriculogram in the 30°right anterior oblique projection using the area-length method of Dodge et al.'5 Angiography was performed within an average of 32 days (range, 0-90 days) of the exercise test and was not routinely performed on all myocardial infarction survivors (i.e., only those patients who were believed to be at higher risk clinically were studied).
Follow-up
All patients were followed up by clinic visit, telephone interview, and/or medical chart review. Overall follow-up was 99% complete (only two lost to follow-up). The average length of follow-up was 45 months (+17 months).
Statistical Analysis
Univariate statistical analysis for categorical variables was performed using the x2 test, and the quantitative variables were analyzed using the Student's t test. Differences were considered significant at a probability value of 0.05 or less. Receiver operating characteristic curves were generated with the TRUE EPISTAT software (version 4.0, TRUE EPISTAT Services, Richardson, Tex.), and the areas of receiver operating characteristic curves were compared with the area of 0.50 (area under a straight line that represents no discrimination) using the z statistic. [16] [17] [18] Confidence intervals were calculated according to Gardner and Altman. 19 Kaplan-Meier estimates were used to generate infarct-free survival curves from the day of exercise testing20 with the use of EGRET software (version 0.26.6, Statistics and Epidemiology Research Corporation, Seattle, Wash.). Infarct-free survival was defined as those patients who had not expired or suffered a subsequent myocardial infarction. All patients were considered to be medically treated at the initiation of follow-up. The follow-up of 71 patients (28%) undergoing percutaneous transluminal coronary angioplasty (26 patients) or coronary artery bypass grafting (45 patients) was included up to the date of the intervention; these patients were then censored from further survival analysis at that point. Statistical comparisons between survival curves were performed using Cox regression analysis and the log-rank statistic.
Results Table 1 gives the clinical, exercise, and angiographic results of the three groups. Probability values are given only for differences between the NQMI and QMI groups. The NQMI group had a higher prevalence of no significant coronary artery disease than the QMI group. As expected, the QMI group had a higher left ventricular end-diastolic volume index and a lower left ventricular ejection fraction than the NQMI group. There were no other statistically significant differences between the two types of infarct groups. percentage of patients who performed a low-level predischarge test or in the use of /3-blockers. Angina and exercise-induced ST segment depression occurred more frequently in the group without a prior myocardial infarction who had severe coronary disease. Angina was not discriminatory for severe coronary disease in both the Q wave and non-Q wave myocardial infarction survivors. However, 1 or 2 mm of additional exercise-induced ST depression were statistically significant discriminators for the diagnosis of severe coronary disease in non-Q wave and Q wave infarction survivors. The specific effect of anterior Q waves on the diagnostic accuracy of exercise testing was also evaluated. There were 54 patients in the study group with anterior Q waves that comprised 36% (54 of 150) of the Q wave patients. The exercise test had a sensitivity of 56% (five of nine), a specificity of 69% (31 of 45), and a negative predictive value of 89% (31 of 35) for the diagnosis of severe coronary disease. Because there were only nine patients with three-vessel and/or left main coronary disease who also concomitantly had anterior Q waves, we were unable to perform a receiver operating characteristic curve analysis in this group; such a small number of patients would make the analysis unreliable. However, we could generate an analysis for the identification of The infarction-free survival curve for Q wave and non-Q wave infarction patients is shown in Figure 2 . At 4.4 years of cumulative follow-up, non-Q wave patients had an infarct-free survival rate of 81% (95% CI, 66.0-89.5%), whereas those with Q waves had a rate of 85% (95% CI, 73.9-91.3%) of infarctfree survival, which was not a statistically significant difference (Cox x2=0.0005, p=0.983). In contrast, the prognosis of myocardial infarction survivors with severe coronary disease (three-vessel and/or left main) was significantly worse than those without severe coronary disease as seen in Figure 3 ; the infarction-free survival rate of patients with severe coronary disease was only 72% (95% CI, 50.0-86.0%), whereas those without severe disease had an infarction-free survival rate of 86% (95% CI, 76.5-91.5%) (Cox x2=4.00, p=0.045). The Cox hazard risk ratio for sustaining either another infarct or dying was 2.29 if a patient had severe coronary disease compared with patients without severe disease (p=0.052).
Discussion

Major Finding of Present Study
The presence or absence of Q waves on the baseline electrocardiogram in survivors of a myocar- Griffith and associates25 performed a prospective study of 123 patients, correlating predischarge exercise test results with coronary arteriography. They found that 50% (36 of 72) of their patients with multivessel disease did not have exercise-induced ST segment depression with exercise, giving the exercise test an overall sensitivity of only 50%. However, in comparison, the present study had a higher sensitivity at 61% (78 of 128 patients) for the diagnosis of multivessel disease. Despite the retrospective nature of the present study, the prevalence of multivessel coronary disease was similar at 51% (128 of 253 patients) to the prevalence in Griffith's study at 59% (72 of 123 patients). Differences between the studies can be found in that Griffith's study did not exclude patients on digitalis or those with left ventricular hypertrophy, which can decrease both the sensitivity and specificity of exercise testing26-32; all exercise tests in Griffith's study were low-level predischarge tests, whereas only 29% of the present study's tests were low-level, and it has been shown that symptom-limited exercise tests after infarction precipitate more prognostic end points such as angina or ST segment depression than low-level tests33; only 75% of their patients with negative exercise tests underwent coronary angiography; and finally, the present study encompasses over twice as many patients (253 compared with 123). Castellanet et al12 studied 43 patients with prior anteroseptal Q wave infarctions and found the exercise test to have a sensitivity of 52%, a specificity of 90%, and a negative predictive value of only 36% for identifying additional ischemia outside the infarctrelated artery. The present study had a much higher negative predictive value of 89% for the identification of three-vessel and/or left main disease. Differences between the studies that may account for the disparate results are that Castellanet's study used only three electrocardiographic leads for monitoring the ST segment in 82% of their patients and only one lead in the remaining 18% of patients, whereas the present study used 12 leads, and multiple-lead systems have been shown to improve the sensitivity of exercise testing,34 and we excluded upsloping ST segment depression as an abnormal response because the consideration of slope has been shown to have a significant impact on the accuracy of exercise testing. 35 There have been numerous studies of standard exercise testing and coronary angiography in the setting of non-Q wave, Q wave, and all combined myocardial infarctions. In a composite review of five previous studies, plus the present study, a total of 220 patients with non-Q wave myocardial infarction were studied, and standard exercise testing had a positive predictive value of 50% (54 of and suggest that the early survival advantage of non-Q wave infarct survivors is lost over time and that perhaps we should concentrate less on the distinction between Q wave and non-Q wave infarctions and more on the identification of which patients have severe underlying coronary disease.
Limitations of the Study
Retrospective analyses permit only the generation of hypotheses, and proving them can only be done with prospective studies and/or comparison and validation with other data bases. The preferential selection of patients based on an abnormal exercise test response for referral to coronary angiography to verify coronary disease ("workup bias") may result in an apparent increase in sensitivity and decreased specificity in this study. [58] [59] [60] [61] [62] [63] The present study also did not compare residual left ventricular function (i.e., left ventricular ejection fraction) with severe coronary disease as to which was the stronger predictor of adverse cardiovascular events. This was not done because the point of the study was to correlate exercise test results with the identification of severe coronary disease because severe coronary disease is related to long-term mortality. Finally, the exclusion of women from this study confines its conclusions to men.
Conclusions
The presence or absence of Q waves on the baseline electrocardiogram in men with a recent myocardial infarction does not alter the overall diagnostic accuracy of standard exercise testing for the diagnosis of severe coronary artery disease. Long-term prognosis is related to the presence of severe coronary disease irrespective of whether the patient suffers a non-Q wave or Q wave myocardial infarction. Post-myocardial infarction exercise testing continues to be an integral component of a cost-effective strategy to identify patients with severe coronary disease. 
